Geographical information systems (GISs) have made spatiotemporal understanding of geographical patterns possible and have contributed to the identification and analysis of factors relating to health care behaviours and outcomes. The present study is the first to examine the spatial distribution of HIV prevalence in the metropolis of Kermanshah, Iran, using GISs.
Introduction
HIV infection has become a major global health problem in recent years, and many epidemiological studies of HIV have been undertaken [1, 2] . Significant investments have been made by governments and other organisations world-wide to improve the quality of life and survival rates of HIV-infected patients [1, [3] [4] [5] [6] [7] [8] . Despite significant geographical variation in HIV infection, analysis of the spatial distribution of HIV has received less attention [2, 9] . As with other epidemics, understanding such spatial variation in HIV/AIDS prevalence and its drivers within a social, spatial and temporal context is crucial for spatial targeting of interventions and resources [10] [11] [12] .
The application of geographical analyses in the realm of health care is well established [13] [14] [15] . Geospatial analytical methods, including geographical information systems (GISs), have been utilized [10, 16, 17] to elucidate spatiotemporal geographical patterns and to identify and analyse factors associated with health behaviours and outcomes [13] . Such geospatial analytical methods have mainly been used in relation to public health care issues, especially in planning and implementing HIV/AIDS intervention programmes [10] [11] [12] [15] [16] [17] [18] , However, detailed studies of the geographical patterns of HIV infection/ AIDS are still very limited [10, 16, 17] . It is believed that the application of GISs in studying the spatial distribution of HIV infection could supply health care policy makers with insights into this disease in Iran, as similar studies in various parts of the world have provided useful information [14, 18] .
As no previous study has examined the spatial distribution of HIV in Iran, the present study is the first to aim to determine the geospatial patterns and distribution of HIV infection in this country. Iran is among countries in which HIV prevalence is concentrated in certain areas. By 2014, 27 888 Iranians were reported to be infected with HIV, of whom 88.7% and 11.3% were male and female, respectively [19] . The number of HIV-infected inhabitants of Kermanshah Province was reported to be 3300 individuals, constituting 12.63% of the HIV-infected population of Iran, of whom 2887 individuals were residents of the city of Kermanshah [20] . The impetus for the present study arose from the established utility of the application of GISs in planning and implementing HIV/AIDS intervention programmes and the high proportion of HIVinfected individuals in the metropolis of Kermanshah, as well as the shortage of such studies in the literature. In this geospatial study, the ArcGIS (Esri, New York, NY, USA) was used, in which all data were analysed. The statistical method of interpolation of Kernel density estimation was applied to identify the loci of the disease. A chi squared test in SPSS (IBM, New York, NY, USA) was also used to analyse the data.
Results
Descriptive statistics relating to HIV-infected patients during the study period
As shown in Table 1 
Kernel density estimation
Kernel density estimation is one of the best methods for analysing data on HIV infection in continuous surface. Kernel density estimation applied to the spatial distribution of HIV infection across the city of Kermanshah indicated that the distribution of HIV infection was clustered; that is, the HIV distribution was more concentrated in some parts of Kermanshah than in others (Fig. 1) .
Discussion
The present study aimed to examine the spatial distribution of HIV in the metropolis of Kermanshah in 1996- According to data recorded during study period, the number of HIV-infected individuals was 2732, with many more men than women being infected. The percentage of HIV-infected individuals who were male decreased from 1996-2002 to 2009-2014 (from 99.09% to 84.71%, respectively), with a corresponding increase in the percentage who were female (from 0.90% to 15.28%, respectively). The results demonstrate that the prevalence of HIV infection in the female population increased over the period under study ( Table 1) . The results of the present study are consistent with national reports on HIV from the Ministry of Health, Treatment and Medical Training in 2013 indicating that there was an increasing trend regarding HIV prevalence among the female population in recent years [21] . Furthermore, our findings are consistent with those of studies by Najafpoor et al., Mirzaie et al. and Kharashadizadeh et al. [19, 22, 23] . The results of the present study also demonstrate that there was no significant difference between HIV-infected men and women in terms of mean age in 2009-2014. The results of other studies demonstrated that the mean age of HIV-infected patients has been decreasing in Iran [24, 25] . The results of studies performed in Bangladesh were also consistent with the results of the present study [26] . The results of a study carried out by Jansson and Wilson in 2012 showed that the mean age of HIV-infected patients in developed countries had an increasing trend [27] , in contrast to the results of the present study. There is the possibility that sexual behaviour risk factors are mainly responsible for the increasing rate of HIV infection in the female population, whereas preventive measures such as distributing free syringes to addicts has resulted in a decrease in the rate of HIV infection in the male population. In the study by Khademi et al. [20] , it was concluded that a change in the pattern of HIV disease in men and women stemmed from an increasing HIV prevalence in the female population through uncontrolled sexual intercourse. The progressive increase in the number of HIVinfected women in recent years requires more attention from health policy makers in Iran.
There were some HIV hotspots across Kermanshah, which were located spatially using Kernel density estimation. The results demonstrate that the HIV distribution was more concentrated in some parts of Kermanshah than in others and that, over time, these loci expanded. HIV disease across Kermanshah was found to be distributed in corridors; for example, there was a clear eastÀwest corridor (Fig. 1) . Over time, the HIV loci expanded considerably. Similarly, a study by Chi Yang et al. [28] Fig. 1 The expansion of the distribution of HIV infection over the study period.
demonstrated that there were some concentrated loci of HIV infection in the northern parts of Taiwan.
Cuadros et al. [15] showed that the distribution of HIV infection was clustered on microgeographical scales. The present study confirmed the existence of clusters of HIV infection on microgeographical scales. This evidence of clusters of HIV infection across Kermanshah indicates that it would be beneficial for health care policy makers to obtain further information regarding the spatial trend of HIV infection using GIS in the metropolis of Kermanshah. One of the strengths of the present study is that it documents the time-course of the spatial expansion of the distribution of HIV infection; the data obtained can be of use in preventing the growth of spatial clusters of HIV infection and halting the increase in the number of individuals becoming infected with the virus. Chan et al. [29] showed that the identification of geographical clusters of disease across urban neighbourhoods helps to determine which regions should be targeted for treatment, prevention and support. Chi Yang et al. [28] demonstrated that geographical patterns of HIV infection could be identified using geospatial analytical methods and GIS.
Conclusions
Use of GISs is a practical and useful method for identifying hotspots of HIV infection and taking appropriate measures to target them. Elucidation of the geographical distribution of HIV could provide precise and accessible information that could be used in implementing preventive measures in communities. One of the primary goals sof health care officials is to foster awareness of and appropriate attitudes towards health and disease in all strata of society, and to support behaviours that improve the health of individuals and reduce their chances of contracting diseases.
There is a need for prevention programmes to address the increasing rate of HIV transmission and the growth of hotspots of HIV infection; the need for screening in HIV hotspots is particularly acute, as it is likely that there are high levels of undiagnosed HIV infection in such hotspots. The information provided by the present study may be usefully applied by health care officials in intervention programmes to prevent HIV transmission.
The primary limitation of the present study was that there were missing data (11%) as a result of incomplete or lost patient addresses, which necessitated these patients being excluded from the study, which highlights the need for careful recording of patient data. To obtain a more complete understanding of the spatial epidemiology of HIV in the metropolis of Kermanshah, more studies should be undertaken on risk factors and also on the relationships between socioeconomic variables and HIV infection in the HIV hotspots identified.
